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G	I�OÁÀ�ÂLM0Z�Sbm-`RZbm�S�O�ÃÄm�W-`RZb\dB*WÅÃÄS�B*J2D�OTOTpÆ\dW�Oa^dKPM0Z�\d`

Oa^]OH`~ZbS�B*WÇMb`aK[ZVZ�OTS�\]W-ÈÇÉVÉËÊ�ÌbÊ�ÍdÎYK[Z�Ï ÂLÐ�Ñ�Ò OTr Â ÎYORÓnÔ
I�\dÕ�\]Z�M Z�I�O�^]BPÈPK*Sb\]ZbI�J�\´`jM�`TK*^]\dW�ÈC\]W×ÖØÕqOTI-K�kn\dB*S�ORÓnÔ
pqOa`RZbOaDCÃÄS�B*J9Ù�Ú�Û�Ü"=�c-B*S"Ï Â�ÝÞÑßÒ OTr Â K*W-DÆà Â
ÕqOT^dB[o�KLÃÄOTo Ò Oar@á[â Â ZbI�\´MYM�`TK*^]\dW�ÈÁÕ-SbOHK_ãEM$DEB[o(WÇK*M
Z�I�OäZ�I�OÇ^dB[oå^]fn\dW�ÈæS�OaMbB*W�K_W-`TOaMLB*Ã�ZbI�OCp�S�B_ZbBPWØÕ�OTÔ
`TB*J�O"p-SbBPJ \dW�OaWPZ�K*W-DÇZ�K_S�È*OTZwJLKPMbM,OTQqOH`~Z�M,ÕqOa`TB*J�O
\dJ�p�BPSVZUK_W�Za=
ç B[o�OTkPOTSHg_è%^dBnB*JÞK_W-D Ò \d^]JLK*W BPÕ-MbOTS�k*OaD�é �Rê Z�I-K[ZHg

ë m-K*^]\]Z�K_Zb\dk*OT^df*g�\]WÅZ�I�O¡S�OTÈP\]BPW-M,B_Ã	Z�I�OaMbOÁS�OaMbB*W-K*W-`ROHMTgZ�I�OjS�OaMbB*W�K_W-`TOÁp�OHK_ãEM@ZbOTW�DÆZbBÇBPM�`R\d^]^´K[Z�OjK*Õ�BPmEZ"Z�I�O
M�`TK*^]\dW�Èæ`Tm�SbkPOäÃÄS�B*JìI�\dÈ*I�OaS�à Â o(I�OaW|Z�I�OCM�`TK*^]\dW�È
k[K_S�\´K_Õ�^dO¡íîÍ�ï �,ð Ï Â á_à Â \´MLm-MbOaD°o(\eZ�I|D�K[ZUKC\]W
Z�I�OßSUK_W�ÈPO �Øñ à Â ñò�ai É Ò OTr�á[âTÎ Â =óG	I�\´Mæô�DEmEÔ
K*^]\]Z0fEõÅÕ�OTZ0o%OaOTW|^dB[o	Ô¯OaW�OTS�È*fæOT^dOa`~Z�SbB*Ô¯p-SbBEDEm-`RZb\dB*W�B_Ã
S�OaMbB*W-K*W-`ROHM�K_W-DÅI-\]ÈPIÆOTW�OaSbÈPfÇM�`TK[ZbZbOaSb\dW�È�I-K�kPO�ZbSUK[Ô
DE\]Zb\dB*W�K_^d^]f�ÕqOTOTWC\dWPZ�OTS�p�S�ORZbOHD�ZbB:J�OaK*WäZbI�K[Z,I�\]ÈPI�OTSbÔ
Z0o(\´M0Z	ORQ>Oa`RZ�M(K*SbOYW�B_Z	^dK*SbÈPO$BPS	K_Z�^dOaKPM0Z(`TK*W-`ROa^>o(I�OTW
BPW�O�K�k*OTSUK_ÈPOaMîB[k*OTS�Z�I�O�SbOHMVBPW-K_W�`ROaM,é h�ê =
è�Oa`TK*m-MbOäB_Ã@KPDEk[K_W-`TOaMÁ\dW|Z�I�OCm�W-DEOaS�MVZ�K*W-DE\dW�ÈöB_Ã

Ú�Û�Ü÷K_W-DÅ\dJ�p�SbB[kPOTJ�OTW�ZUM�\]W°À Â J OHK*Mbm�S�OTJ�OTW�Z�M�\]W
DEOaOTp�\dW�OT^´K*MVZb\´`(Mb`aK[ZbZbOTS�\dW�ÈÁÉ�ÜYøV<�Î~g ë m-K_S�ã�Ô¯I-KPDES�B*W"D�mEÔK*^]\]Z0fØ\dMäÕ�OH`RB*J�\dW�È�J�B*S�O ë m-K*W�Zb\]Z�K[Z�\]kPO*=åN*OTQqOaS�MbB*Wù K_Õ�I-KPM$m�W�DEOTSbZ�K*ã*OTWäK¡p�S�B*È*SUK_J÷B_Ã3J�OaKPMVm-SbOaJ OaW�Z�M
\dWÅZbI�O¡SbOHMVBPW-K_W-`TO�SbOaÈ*\dB*WÅB_ÃlÀ Â K_W�DÇB*ZbI�OaS@BPÕ-MVOaSbk�Ô
K*Õ�^]OHMlB[kPOTSlKÁo(\´DEO"à Â SUK_W�ÈPO�o(\eZ�IßK_W�OaJ p-I-K*Mb\dMYB*W
kPOTS�fL^]B[o�à Â J OHK*Mbm�S�OTJ�OTW�Z�Ma=

úû¸ ü�ý�þîý�¾�»H½qÿ��������jý�»	��
Ä¼a»
ø�W�Oa^dKPM0Z�\d`��ÉËÊ�ÌbÊ Í ÎjJ�OaKPMVm�S�OTJ�OaWPZUMÁo�OTS�OßJLK*D�OÇ\dW

ç K_^d^qÛæK[ZîNPORQ>OTSUMVBPW ù K_Õ�m-Mb\]W�ÈwZ�I�O ç�� <"MbpqOa`~Z�SbBPJ Ô
ORZbOaS"é t g Ñ ê =��î^]OH`~Z�SbBPW:ÕqOaK*JLMlB_Ã h = Ñ�� ZbB Ñ � i �LÒ Oar@á[âo%OaSbOæM�`TK_ZVZ�OTS�OaD�B_QóB_Ã Ñ `RJ ù7ç ÂæK_W�D ù ÜwÂÆZUK_SbÔ
È*ORZUM�o(\eZ�IjM�`TK[ZbZbOaSb\dW�È"K*W�È*^dOaM%SUK_W�ÈP\]W�È@ÃÄSbBPJ h_i Z�B�� i
DEOTÈPSbOaOaMa=°?�ZLOaKP`UI°ÕqOaK*J OTW�OaSbÈPf��[M�`TK[ZbZbOaSb\dW�ÈßK*W�È*^dO
`RB*J"Õ�\dW-K[Z�\]BPW�g3J�OaKPMVm�S�OTJ�OaWPZUM o%OaSbO:JLK*DEO�K[ZÁKCMVOTÔ
Sb\dOaM B*ÃûB[k*OTS�^´K_p�p�\dW�ÈwJ�B*J�OTW�Zbm-J�Õ�\]ZbOHM SUK_W�ÈP\]W�ÈwÃÄS�B*J
ZbI�O,OT^´K*MVZb\´`lpqOaK*ãLDEB[o(WÁZ�B"K Mb`aK[ZVZ�OTS�\]W-È�OTW�OaSbÈPf ZbI-K_Z
`RB*S�S�OaMbp�BPW-D�M%ZbB¡Ï Â����LÒ OTr Â =
?YM%DEBPm�Õ�^dO$DE\]QqOaSbOaW�Zb\´K_^-`TSbB�MbM3MbOa`RZb\dB*W-M%K_S�Ol`RBPWPZ�\]W�Ô

m�m�J2J�OHK*Mbm�SbOaJ�OTW�Z�Mag7K[ZbZbOaWPZ�\]BPWCZbB�Õ-K*`UãnÈPSbBPm�W-D�MY\dM
\]J�pqB*SbZ�K_W�ZH=wÙî\]BPW�p�SbBEDEm�`~Zb\dB*W7gsÉËÊ��îÌ�����ÎRgûK[ZwD�OTOTp-^]f
\]W�Oa^dKPM0Z�\d` J�B*J�OaWPZUKj`aK_WÇORÓ�`ROaOaDæÉËÊ�ÌbÊ�ÍdÎYÕnfäK*MwJ"m-`UI
K*MßK|Ã�K*`RZbB*SßB_Ã �ai = �3^dOa`RZbS�B*W-MÇK_S�OÆ\dDEOaW�Zb\"!-OaD�Õnf
SbO ë m-\]S�\]W-È�K�Mb\dÈ*W-K*^L\]W K ÈPKPMæÛ%OTS�OTW�ãPB[k DEOTZbOa`RZbBPSK_W-D:K ^dK*SbÈPOwMb\]ÈPW-K_^qÃÄS�B*J K*W¡Oa^]OH`~ZbS�B*JLK*È*ORZ�\d`wMbI�B[o%OaS
\]WóK|^dOaKPD È*^´K*M�MßD�ORZbOH`~Z�B*SH= G	I�O×`TB*J"Õ�\]W�K[Zb\dB*W B_Ã
ZbI�OHMVO$Z0o%B@D�ORZbOH`~Z�B*SUMî`TK*WLSbO�#0Oa`RZîp�\dB*W-M�K[Z%K�Ã�K*`~Z�B*S%B_Ã
K_ÕqB*mEZ �aiPi*i�$]� =7?lW�B*ZbI�OaS3MV\dÈ*W-\%!�`aK_W�ZsÕ-K*`UãnÈ*S�B*m-W-D�ÃÄBPS
DEOTOap�^]fL\dW�Oa^dKPM0Z�\d`wMb`aK[ZbZbOTS�\dW�È@\´MîOa^]OH`~Z�SbBPW-M3ÃÄS�B*J Ê'&sÊ��
p-K_\dSlp�S�BEDEm-`~Z�\]BPW�=	G	I�\dMlÕ-K*`UãnÈ*S�B*m-W-D¡\´M(S�OTJ�B[k*OHD¡Õnf
m-MV\dW�È$`aK_^´`Rm�^´K[Z�\]BPW-M�K*W-D,k*OaSb\]ÃÄfn\]W�È	Z�I�BPMbO3`TK*^d`Tm�^´K[Zb\dB*W�M
o(\eZ�I:J�OHK*Mbm�SbOaJ�OTW�Z�M	B*Ã�\dW-`R^dm-Mb\]kPO�ÉËÊ��îÌbÊ'&3Î�JLK*DEO�K_Z
ZbI�O�M�K_J�O,ãn\]W�OaJLK[Zb\´`TM(KPM�ZbI�OÁÉËÊ�ÌbÊ Í Î�J�OaKPMVm-SbOaJ OaW�Z�Ma=
ÙîSbBPp�OaSîI-K*W-DE^d\]W�È B_Ã�SUK*D�\dK_Zb\dk*O$`TB*S�SbOH`~Zb\dB*W�M3\´M%K*^dMbB

\]J�pqB*SbZ�K_W�ZLÃÄBPS Oa^]OH`~Z�SbBPW×M�`TK_ZVZbOaSb\dW�ÈCZbBCZ�I�Oä`RBPWPZ�\]W�Ô
m�m�J�=)(lK*D�\dK_Zb\dB*W�B_Ãûp�I�B*ZbBPW-M3Õnf@Oa\eZ�I�OTSîZbI�OYOT^dOa`RZbS�B*W
B*S,ZbI-O�Z�K_S�È*OTZ�I-K*MwZ�I�OLORQ>Oa`RZ�B_Ã	J�K*ãn\]W�È:Z�I�OäÉ	*+ ÌVí%ÎB_ÃûZbI-OYOTÓE`UI�K_W�ÈPO(p�I�B_Z�B*W¡D�\eQ>OTS�OTW�ZîÃÄS�B*JÞZ�I-K[Z	`TK_^´`Rm�Ô
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Bloom-Gilman Duality works to higher precision and to lower Q 
                                than previously expected 

2

The total area under the nucleon resonance region AND the local
area from valley to valley for separate resonance regions agree to
better than 10% with results from DIS parameterizations, for
                                       Q   > 0.5 (GeV/c)2                                  2

In terms of the Operator Product Expansion, Bloom-Gilman Duality
indicates that Higher Twist effects are small, or cancel on average,
                                         even at low Q2

H(e,e’)

The    -dependence of the scaling curve describes
the Q  -dependence of the individual nucleon resonance regions

ξ
2

c�\]ÈPm�SbO � = À�Â�ÃÄS�B*J N ù K*Õ,��É�Ê�Ì�ÊHÍdÎÆD�K_Z�K É�MVZ�K*S�MUÎ
`RBPJ p�K_S�OaD¡ZbB ZbI�O�X � Û é-� ê p�K_SUK_J�ORZ�OTS�\".HK[Zb\dB*W¡OTk[K_^]Ô
m-K[Z�OaD�K_ZCà Â ï � É Ò OTr�á[âaÎ Â ÉËD�K*MbI�OaD�^d\dW�OHÎ�K*W-D
à Â ï �Hi É Ò OTr�á[âTÎ Â É�MbB*^d\dDC^d\]W-OHÎ~=j?lS�SbB[olMw\dW-DE\´`TK[Z�O
OT^´K*MVZb\´`,ãn\]W�OaJLK[Zb\´`TMa=

^dK_ZbOHDöÃÄS�B*J ÕqOaK*J OTW�OaSbÈPfÅK*W-DæZbI�O:B*Õ-MbOTS�k*OHDöM�`TK[ZbÔ
ZbOaSbOHDjOa^]OH`~Z�SbBPWjJ�B*J�OaWPZ�m�J kPOa`RZbB*SH=s?lW�ORÓ�K_J�p�^dO,B_Ã
K_WÁ\dJ�p�BPSVZUK_W�Z%SUK*D�\dK_Zb\dk*OlOTQqOH`~Z	\dMîZbI�OYS�KPDE\´K[Zb\dB*WLB*Ã�K
p�I�B*ZbB*WCÕnf�ZbI�O�\dW-`RBPJ�\]W�È:OT^dOa`RZbS�B*W�="G	I�SbBPm�È*IßZbI�\´Mag
OT^´K*MVZb\´`$M�`TK_ZVZbOaSb\dW�È@K_Z%^dB[o%OaSî\dW-`RBPJ�\]W�È@OT^dOa`~Z�SbBPWÁOT^dOa`RÔ
ZbS�B*W OTW�OaSbÈP\]OHMTg�o(I�OaSbO	`RS�BPM�M�MVOH`~Zb\dB*W�M�K*SbO%I�\dÈ*I�OaSag*`aK_W
K_p�pqOaK*SlK[ZlI�\dÈ*I0/�\dWjZ�I�O�OTW-OTS�È*fÁ^dBPM�M	MVpqOa`RZbSUK ÃÄSbBPJ
I�\dÈ*I�OaS(Õ�OHK_J OaW�OTS�È*\dOaMa=�G�BL`RBPSbS�Oa`RZîÃÄB*S	Z�I�OaMbO,S�KPDE\´K[Ô
Zb\dk*OLOTQqOH`~Z�Mag�K:ÈPB�BEDÇãnW�B[o(^]OHDEÈ*O B_Ã%ZbI�OÁM�K_J�OL`RS�BPM�M
MVOH`~Z�\]BPWÆZbI-K_Z"\´M�ÕqOT\dW�ÈßJ�OHK*Mbm�SbOHDC\dM"SbO ë m�\]S�OaD�g7Z�I�m�MK_W:\eZ�OTSUK[Z�\]kPOYp�S�BE`ROHDEm�S�OY\´M�m-MVOHDÁZ�B�m�WEÃÄB*^´DjS�KPDE\dK_Zb\dk*O
K_W-D:B*ZbI�OaS(ORQ>Oa`~ZUMT=
G	I�OLJ�OaK*Mbm�S�OaDÅ`RS�BPM�M�MbOa`~Z�\]BPWÅ\dM�K�^d\dW�OaK*S@`RBPJ@Õ�\]Ô

W-K[Z�\]BPWäB_ÃsZ0o�B¡MVZbS�m-`~Z�m�SbO@ÃÄm�W-`RZb\dB*W-Ma=$G	I�O M0Z�Sbm-`RZbm�S�O
ÃÄm�W-`RZb\dB*W À Â \´MjORÓnZbSUK*`RZbOaD×ÃÄS�B*J ZbI-OÇ`RS�BPM�M¡MbOa`RZb\dB*W
m-Mb\]W�È

132 à ÂÑ�4 Â65 Í Â ï À�Â�7 `TBPM Â98): h<;

Bloom-Gilman Duality : Recent Results II
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JLab fit

NMC Parameterization
      at Q  = 5 (GeV/c) 2                           2

      NMC 5    

For Q  > 0.5 (GeV/c)  the averaged nucleon resonance data agree
                    to better than 10% with the scaling curve

Data at separate Q  and W  oscillate around a single curve ....
Are Higher Twist effects on average small, or cancelling, even
                                 down to the lowest Q  ?

2                               2

2                2

  2

At Q  < 0.5 (GeV/c)  the nucleon resonance spectra still tend
to a single scaling curve ---> The low-Q  nucleon resonances
                       mimic a "valence-like" behavior!

2

2

2

Why does duality work so well to such low Q ,
and averaged over that small a W -region ....

2

2

c�\dÈ*m�S�O h =jN ù K_ÕCI�fEDES�B*ÈPOTWCÀ�ÂÁD-K[Z�K�\dW-`T^]m-D�\]W�È�^dB[o
à Â J OHK*Mbm�S�OTJ�OTW�Z�Ma=sG	I�OlMVBP^]\´D `Rm�S�k*OHM K_S�O%Z�I�O$X � Û
p�K_SUK_J�ORZ�OTS�\".HK[Zb\dB*W�ÃÄBPSjK=!�ÓEOaD à Â ï � É Ò Oar�á_âTÎ Â
K*W-DjZbI�O,Z�I�O�N ù K_Õ!�Z@É>� ë W�= h ÎR=

ð,h MV\dW Â 8 : h ; �%ð 2 Â á_à Â? ð|� @ Ì É � Î

o(I-OTS�O ? ï 1BA á 1�C \´M�ZbI�O,SUK[Z�\]B B_Ã�ZbI�O,^dB*W�ÈP\eZ�m-DE\dW-K_^Z�BCZbI�O:ZbSUK_W�MVkPOTSUMVO:`RS�BPM�M"MbOa`RZb\dB*W-Ma=æAØI�\d^dOjZ�I�O�m�WEÔ
`TOTSbZ�K*\]W�Zb\dOaM%\dW ? K_S�O$^´K_S�È*O(ÃÄBPSîZ�I�Owã�\dW�OaJ�K_Zb\´`TM%J�OaK[Ô
Mbm�S�OaD¡I�OTS�O*g�ZbI-OTfLB*W-^]fÁ`TB*W�ZbS�\]Õ-mEZbOwK hED MVfEMVZbOTJLK_Zb\´`
m-W-`ROaSVZUK_\dWPZ0fÇZbBÇÀ Â =æÉ � B*S�OLp�SbOH`R\´MVO¡J OHK*Mbm�S�OTJ�OTW�Z�M
B*Ã ? gPDE\´Mb`Tm-M�MVOHD�Õ�Oa^]B[o�gnK_S�O(m�W-DEOaSbo	K�f@K_Z�N ù K_Õ�é � ê = ÎFYkPOTSUK_^d^Ëg_ZbI�O$MbfEM0Z�OTJLK[Z�\d`	OaSbS�B*SUMs\dWÁÀ�ÂlD�m�O(ZbB@m�W-`ROaSVÔ
ZUK_\dW�Z0f×\dW ? glSUK*DE\´K[Z�\]kPOä`RB*S�S�Oa`~Z�\]BPW-Mag�p�K_\dS¡p�S�BEDEm-`~Ô
Z�\]BPW�g�Õ-KP`UãnÈ*S�B*m�W-D-M%K*W-D¡B*ZbI�OaS(ORÓEpqOTS�\]J�OTW�ZUK_^ûORQ>Oa`RZ�M
Z�B_ZUK_^3K_ÕqB*m�Z t = � D =�<�Z�K_Zb\´M0Z�\d`aK_^ OaSbS�B*SUM$K*SbO�K_p�p-SbB�ÓE\]Ô
JLK_ZbOT^df �GD =
H7¸��¡ýn»	�I
�¼a»J��ÿ�K�LjºË»6M���»H»aºË½�ÿ×½ONPL��¼6�
?åMbK*J�p�^]OjB_ÃlZ�I�OJ��ÉËÊPÌ�Ê�Í]Î À�ÂjS�OaMbm�^eZUM�K_S�OjMbI�B[o(W

\dW¡c�\dÈ-= � g�p�^]B*ZVZ�OaD¡KPMîK,ÃÄm-W-`~Z�\]BPW¡B_Ã>Z�I�OwXYK*`UI�ZbJLK*W�W
M�`TK*^]\dW�ÈÆk[K_S�\´K_Õ�^dORQ�ï h Ö>á�É ��ðTS �%ð Ñ Ö Â	U�Â á*à Â Î
o(I-\d`UIÇ\dM$ZbI�O p�S�B*pqOTS,Mb`aK_^d\]W-È¡k[K_S�\dK*Õ�^dO�ZbBjm-MVO o(I�OaW
MVZbm�DEfn\]W�È�Ú�Û�Ü M�`TK*^]\dW�ÈÁkn\dB*^´K[Zb\dB*W�M�é h g u_ê =�ÉVQL\dM$k*OaSbf
Mb\dJ \d^´K_S�ZbBÅZ�I�O�\]WnkPOTSUMVO�B_ÃYZbI�OäM�`TK*^]\dW�ÈÅk[K_S�\dK*Õ�^dO¡íîÍ



t

c�\dÈ*m�S�O t =jÛ%B*J�p-K*Sb\´MVBPWäB_Ã	B_Ã	N ù K_ÕÅÀ9WÂ D�K_Z�K�K�k*OaSVÔ
K*È*OaD:B[kPOTSYà Â É�MbI-K*DEOHD�Õ-K*W-D-Î	Z�BÁW�OamEZbS�\]W-B¡Mb`aK[ZbZbOTSbÔ
\dW�È�J�OaK*Mbm�S�OTJ�OTW�ZUM%B*Ã�ÖqÀIX¡é Y ê =
m-MbOaD Õnf|è�^]BnB*J K_W-D Ò \]^dJLK_W�ÎR=�?l^´MVBØMbI�B[o(W K*SbO
`Tm�SbkPOaMwB_Ã%ZbI�OÁX � ÛZ!-Z¡é � ê ZbBäDEOaOTpC\]W�Oa^dKPM0Z�\d`�M�`TK_ZVÔ
Z�OTS�\]W�ÈäZbI-K_Z"I-K�kPOÁÕ�OaOTWöOak[K_^dm-K[Z�OaDÆK[ZLà Â ï � K_W-D
�Hi É Ò OTr�á[âaÎ Â =(AØI-\]^dO"K_ZYDE\]QqOaSbOaWPZ,à Â g-ZbI�O"W�m�`R^dOTB*W
S�OaMbB*W-K*W-`ROHMÁK_p-p�OHK_S�K[Z�DE\eQ>OTS�OTW�Z�S�K*W�È*OHMÁB*Ã[QEg$Z�I�O
X � Û\!-Zî\dM3È*OTW-OTSUK_^d^]f,Z�I�O$K�k*OaS�K*È*O%B_ÃqZbI�OlD�K_Z�K-gP`RBPWEÔ!-S�J�\]W-È¡Z�I�O"BPSb\dÈ*\dW-K*^�è�^dB�BPJ.K_W-D Ò \]^dJLK_WCB*Õ-MbOTS�k[K[Ô
Z�\]BPW-MT=(G	I�\´M$Mbm�ÈPÈ*OaMVZ�M(ZbI-K_Zagq\]W�Z�I�OJFYpqOTSUK[Z�B*S$ÙîSbBEDnÔ
m-`RZ]�3ÓEp-K_W-Mb\dB*Wöé h�ê gqI-\]ÈPI�OTSYZ0o(\dMVZ,ORQ>Oa`~ZUM,K_S�O"MbJ�K*^]^¯g
K_Z	^dOaKPM0Z(BPW:K�kPOTSUK_È*OPg�K_Z(ZbI�OHMVO,^dB[o à Â ãn\dW�OTJLK_Zb\´`TMa=
G	I�O$X � Û^!�Z�`TB*W�Zb\dWnm�OaM3ZbB"Sb\´MVOYK*M \]Z�\´M3OTÓnZbOTW�DEOaD

Z�BC^dB[o�OTSJQE= ç B[o�OTkPOTSHg3Õ�Oa^]B[o_Q°ï i � t g3Z�I�OäN ù K_ÕS�OaMbB*W-K*W-`RO(S�OTÈP\]BPW¡À�ÂYMVZ�K*SVZUM3Z�B"DEOak�\´K[Z�O$ÃÄS�B*J X � ÛY=
G	I�OjK�k*OTSUK_ÈPOLMVI-K*p�OjDEOaM�`RS�\]ÕqOaDÅÕnfÇZbI�Oj^]B[o`Q�S�OaMbB_Ô
W-K*W-`RO(D�K_Z�K�ÉÄo(I-\d`UI�K_S�O(K[Z ^]B[o�à Â Î	ÉËc�\]È�= h Î�\dM3SbOaJ \]Ô
W�\´M�`ROTW�Z7B*Ã ë m�K_S�ãwDE\´MVZbS�\]Õ�m�Zb\dB*W-M�ÃÄSbBPJ k[K_^dOTW�`RO ë m-K*SbãEMBPW�^]fP=
G	I�\´M,k�K*^]OaW-`RO ^d\]ãPO ÕqOTI�K�k�\dB*S�`aK_WCÕ�O�ORÓEp�^dB*S�OaDÇÕnf

`TB*J�p-K_S�\dW�È(OT^dOa`RZbS�B*W@M�`TK_ZVZbOaSb\dW�È$D-K[Z�K$o(\eZ�I�Ö�À X ÃÄSbBPJ
DEOaOTpä\dW�Oa^dKPM0Z�\d`@W�OTmEZ�Sb\dW�B*Ô¯\dSbBPW�Mb`aK[ZVZ�OTS�\]W-Èßé Y-g a ê =YÖ�À X
J�OaKPMVm-SbOHM	ZbI�O�DE\]QqOaSbOaW-`RO"Õ�OTZ0o%OaOTW ë m-K*Sbã�K_W�DäK_W�Zb\]Ô
ë m-K*Sbã�DE\´M0Z�Sb\dÕ�mEZ�\]BPW-M,K_W-Dß\dMw\dWb!�S�MVZwBPS�D�OTS$W-B_Z�MVOaWEÔ

c�\dÈ*m-SbO Ñ =,ø�W�ZbOTÈPS�K*^7B*ÃîÀ�Â�D�K_Z�KÁB[kPOTSlS�OaMbB*W�K_W-`TO@DEORÔ!-W�OaDZQ°S�K*W�È*OHM:D�\]kn\´DEOaD Õnf|\]W�Z�OTÈ*SUK_^´MjB_Ã N ù K*Õ�!-Z
É�MVZ�K_SUMUÎ�K_W�D@X � Û�É�M ë m-K_S�OaMUÎ>B[k*OaS�Z�I�O�M�K_J�OcQ(S�K*W�È*OP=
MV\]Zb\dk*O"ZbB:MVOHK ë m-K_S�ãEMT=wø�WÇc�\dÈ-= t gqZbI-O W-OTmEZ�Sb\dW�B¡ÖqÀIXJ OHK*Mbm�S�OTJ�OTW�Z�M�K*SbO�`RBPJ�p-K_S�OaDßZbB:ZbI-OÁÀ�Â�J�OaKPMVm-SbOTÔ
J OaW�Z�M�B*W:DEOTmEZ�OTS�\]m-J:=3G	I-OYDEOamEZbOaSb\dm�J À�ÂYD-K[Z�K"I-KPM
Õ�OaOTW�K�k*OaS�K*È*OaDÁB[k*OTS	K_^d^ûZ�I�O�à Â k[K_^dm�OaM	B*Ã7ZbI-O�N ù K_Õ
D�K[ZUKjMbORZ�K_W-Dß\dMwS�OTp�S�OaMbOTW�Z�OaD�Õnf�ZbI-O MbI-K*D�OaDäÕ�K_W-Dû=
G	I�OÇDEOamEZbOaSb\dm�JìÀ�ÂCD�K_Z�KÆK_W�D�ZbI�Oß\]S�B*WØÖqÀIXCD�K[ZUK
I-K�k*O:Õ�OaOTWØM�`TK_^dOaD°ÕnfæMVZbSUK_\dÈ*I�Z"ÃÄBPSbo	K_SUDÅÃ�KP`~ZbBPS�M"Z�B
K*`T`TB*m�W�Z�ÃÄBPS,ZbI�O ë m-K*SbãÇ`UI-K_S�È*OHMY\dWÆDEOTm�ZbOTS�\dm�J K*W-D
ZbI�O[d�B*Ã�\dS�B*W�=3G	I�O�Mb\dJ \d^´K_S�\eZ0fÁ\dW:ZbI�O�D�\dMVZbS�\]Õ-mEZb\dB*W-M
MVm�ÈPÈ*OHM0ZUMlZ�I-K[Z�^dB[o à Â Oa^]OH`~Z�SbBPWßMb`aK[ZbZbOTS�\dW�È¡JLK�f�ÕqO
KYJ�OTZbI�BED B_Ã>K*`T`TOaM�MV\dW�Èwk[K_^dOTW-`TO ë m-K*Sbã�D�\dMVZbS�\]Õ-mEZb\dB*W-MK[Zl^dB[o5Ö7=



Ñ

c�\]ÈPm�SbO � = <n\dJ�p�^]OÞWnm-`R^dOTBPW2J�BEDEOT^Øé �ai_ê MbI�B[o	Ô
\]W-È B*W-MbORZ B_Ã M�`TK_^d\dW�È B_Ã9MVZbS�m-`RZbm�S�O ÃÄm�W-`RZb\dB*We3fhgØkEMji�g�K�X$KP`UIPZ�JLK_W�WEÔ¯Z0fnp�O Mb`aK_^d\]W-È k[K_S�\dK*Õ�^]OP=
<nm-`a`ROaM�Mb\]kPOT^df MVJ�BnB_Z�I�OTS.`Tm�S�k*OaMåK ÃÄB*S�O à Â ï
i � � Ì � Ì h ÌbK*W-D � É Ò OTr@á[âaÎ Â =
è%OH`TK*m-MVO,Z�I�O�^dB[o,Q�D-K[Z�K¡K_p�pqOaK*Sag�B*WäK�k*OaS�K*È*OPgPZ�B

ÃÄB*^d^]B[oöKw`RBPJ�J BPW@`Rm-SbkPO ZbI-K_ZsD�\eQ>OTSUM�ÃÄSbBPJ Z�I�O	X � Û
p-K_SUK_J�OTZbOTS�\k.aK[Z�\]BPW�g�K*WäK�k*OaS�K*È*O,Mb`aK_^d\]W�Èj`Rm�S�k*O�m�MV\dW�È
B*W�^df I�fEDES�B*ÈPOTW�S�OaMbB*W-K*W-`ROlD�K_Z�K�I�K*M3ÕqOTOaWLB*ÕEZUK_\dW�OaD�=
G	I�O@OaW�Zb\dSbO"à Â K_W-DäÏ Â S�K*W�È*O�B*ÃsZbI�O À�Â"D�K[ZUKLo�KPM!�Z�Z�BäK:ÃÄm�W-`~Z�\]BPW-K_^îÃÄB*S�J.Z�I-K[Z@DEOap�OaW-D�M0lGm�n%o BPW\QE=
G	I�\´MlN ù K_Õ�DEm-K*^]\]Z0f�!�ZHg
À�Â ï QGp6q rtstpPÉ �vu Q*Îwpxq pyp{z| é i � i*i � uÅi � i � Y-É ��u Q*Î uCi � i-� ��É �}u Q*Î Âðæh � Ñ u a�É �}u Q*Î X uÅi � h Ñ i É ��u Q*Îw~ ê Ì É h Î
\dM$MVI�B[o(W:o(\]ZbI:ZbI�O�D-K[Z�K \dW�c�\dÈ-= h =
G	I�O%OTQqOH`~Z B_Ã�SbOHMVBPW-K_W-`TOaM�B*W DEm-K_^d\]Z0f�`TK_W"Õ�O	J�B*S�O

ë m-K_W�Zb\]Z�K_Zb\dk*Oa^]fØ\dWnk*OaMVZb\dÈPK_ZbOHD|Õnf|`RBPJ p�K_S�\]W�È�À Â \dWZbI�OLS�OTÈP\]BPW-MwB_Ã%ZbI�OLp�S�B*J�\dW�OTW�Z�S�OaMbB*W-K*W-`ROHMlZ�B:k[K*Sb\]Ô
B*m-M	M�`TK*^]\dW�È"`Tm�S�k*OaMa=sG7B DEOT^d\]J�\]Z	ZbI�Owp�S�B*J�\]W-OTW�Z%S�OaMVÔ
B*W-K*W-`ROHMTg o�Oj`UI-B�B�MVOÁZbI�OjÃÄB*^d^]B[o(\dW�ÈäSUK_W-È*OaM@B_ÃYÏ Â $� É � � tóñ Ï Â�Ý � � a Ò Oar Â Î~g[e��y�[É � � a ñ Ï Â�Ý
h � �|Ò OTr Â Î~g"À����PÉ h � � ñ Ï Â�Ý t � � Ò Oar Â Î~g"K*W-DÉ t � �öñ Ï ÂÆÝ t � a Ò Oar Â Î~=ØG�BC`TB*J�p-K*SbOjZbI�O�S�OaMVÔB*W-K*W-`RO�D�K_Z�KßZbBÅÜ$øV<æB*S ZbI-O�N ù K*ÕæDEm-K*^]\]Z0f\!�ZHg�À�Â
SbOHMVBPW-K_W�`RO"D-K[Z�K¡ÃÄB*S�KjÈ*\dk*OaWÇà Â \´MY\dW�ZbOaÈ*SUK[ZbOHDäB[kPOTS
KCS�K*W�È*OjB_Ã�QßZbI-K_ZL`TB*S�SbOHMVpqB*W�D�M�Z�BÇZ�I�OäÏ Â S�K*W�È*O
B_Ã Z�I�O"S�OaMbB*W�K_W-`TO*=lG	I�\´M$\dW�ZbOaÈ*SUK_^7\´MwDE\]kn\´DEOaDäÕ�f:Z�I�O
\]W�Z�OTÈ*SUK_^ B*Ã%Z�I�O¡ÜYøV<ÇB*S�DEm-K*^]\]Z0fÇ`Tm�S�k*OLÀ Â B[k*OTSwZ�I�O
MbK*J�OäS�K*W�È*OP=�ÉËG	I�O�QÅS�K*W�È*O�o(\d^]^YÕ�OÇDE\eQ>OTS�OTW�ZÁÃÄBPS

c�\dÈ*m�S�O u =�� Ó�K*J p-^]O:B_Ã,ORÓnZbSUK*`RZb\dB*W°B_Ã ? ÕnföJ�OaK[Ô
Mbm�S�\]W-È MV^dB*pqO|B*Ã�`TSbB�MbMÆMbOa`RZb\dB*W KPMæK ÃÄm�W-`RZb\dB*W B*Ã� ï é �%ð°h É �%ð 2 Â á_à Â Î�Z�K*W Â É : á h Î ê � �
OHK*`UIÁk[K*^]m�OwB_Ã�à Â K_Z%o(I�\´`UIÁZ�I�OYSUK[Z�\]B"\dM%OTk[K*^]m-K_ZbOHD-Î~=

� É��[ÊG�[á[ÜYøV<-Î3ï �������� À�Â6� Ft��F��� �� � À�Â6��� Fy� � �6� �
É t Î

G	I-\dM�SUK[Zb\dB$B*Ã-S�OaMbB*W-K*W-`ROîD-K[Z�KlZbBwÕ�B*ZbI@ZbI�O	X � ÛÆp-K[Ô
SUK_J�OTZbOTS�\k.aK[Z�\]BPW�K_W-DwZ�I�O	N ù K_Õ]!�Z�\dM�MVI-B[o(W�\]W c�\dÈ-= Ñ =
c-B*SwZbI-O�X � Û�`TB*J�p-K*Sb\´MVBPW�gqZbI�O SUK[Zb\dB:ORÓ�`ROaOaD�MYB*W�O
ÃÄBPS,J B�M0ZwB_Ã3Z�I�OLà Â SUK_W-È*O*gqÕ�mEZ,ÕnfäKÁS�B*m�ÈPI�^df�`TB*WEÔ
MVZ�K*W�Z�K_J�BPm�W�Z7B[k*OaS�à Â K*W-D,ÃÄB*S�K_^d^_Z�I�OîS�OaMbB*W-K*W-`RO S�ORÔ
ÈP\]BPW-Ma=sc-B*S(à Â,Ý t É Ò Oar�á_âTÎ Â ZbI�O,SUK[Z�\]B�\´M�W�B@^dB*W-È*OTS
`TB*W-MVZ�K*W�Zag$DES�B*p-p�\]W-ÈöÕ�Oa^]B[o�BPW�O*=ÞG	I�\´Mj\´M:KöJLK_WEÔ
\]ÃÄOaMVZ�K_Zb\dB*W×B_ÃwZbI�O�k[K_^dOTW�`RO�^]\dã*O�ÕqOTI-K�kn\dB*S�ORÓEI�\dÕ�\]ZbOHD
\dWÆB*m-S�J�OaK*Mbm�S�OTJ�OTW�ZUM,B_ÃlÀ�Â¡K_W-DCZ�I�OLÃ�K*`RZ�ZbI-K_Z"K[Z
^dB[o5à Â gPZ�I�OwSbOHMVBPW-K_W-`TOaM%K_p�pqOaK*S�K_Z%^dB[oØk�K*^]m-OaM%B_Ã�QE=
AØI-OTW:ZbI�O�N ù K*Õ¡S�OaMbB*W-K*W-`RO�!�Z(\dM	m-MbOaDj\dW-M0Z�OaKPDûgnZbI�O
SUK[Z�\]B"\dM%È*OaW�OTSUK_^d^df"o(\]ZbI�\dW �aiED B*Ã�m�W�\]Z0f*= AØI�\d^]OYZbI-\dM
\´M KwS�K_Zb\dB$ÕqORZ0o�OTOaW D�K_Z�K,K_W�D@K�!�ZsZbBwZbI-O	M�K_J�O(D�K_Z�K�g
o(I-\d`UI�Z�Inm-M7\dW-`T^]m-D�OaM7ZbI�O�k[K_^dOTW-`TORÔ�^]\dã*O3ÕqOTI�K�k�\dB*SHgH\eZ�\dM
o�B*SbZbI�S�OT\]ZbOaS�K_Zb\dW�È�ZbI�K[Z$Z�I�O"N ù K*Õ�!�ZwD�OTpqOTW-D�MYB*W-^]f



�

c�\dÈ*m�S�O��E= � OaKPMVm�S�OTJ�OaWPZUM�K_W-Db!�ZUM,ZbB ? É 1�A á 1�C ÎR=G�Sb\´K_W-È*^dOaM $ < ù ?$Û ? D�K_Z�K:ÃÄB*S Ü$øV<ÆSbOaÈ*\dB*WØÉËÏ Â Ð
t Ò Oar Â ÎÁé �*�Tê�� Û%\dS�`T^]OHM $ N ù K_Õ ? D�K[ZUK�ÃÄB*S"W�m�`R^dOTB*W
S�OaMbB*W-K*W-`RO,S�OTÈP\]BPW � ù \]W-O $ < ù ?$Û ÈP^]BPÕ-K_^<!-Z ÉV( � a�a�YPÎ
é �Hh[ê Z�BÁÜ$øV<:D�K_Z�K-=

BPWQ�K_W-D¡ZbInm-MlI-K*M	W�BÁà Â D�OTpqOTW-DEOaW-`ROP=
ø�W�K(S�Oa`ROaW�ZûZbI�OaB*S�ORZb\´`TK*^PDE\´M�`Rm-M�MV\dB*W,B*ÃED�m-K_^d\eZ0f�é �ai[ê g

KÇMV\dJ�p�^]OjWnm-`R^dOTBPWæJ�BEDEOT^	`RBPW-MV\´MVZb\dW�ÈßB*ÃlZ0o%BCMb`aK_^dOTS
ë m-K*SbãEMag_B*W�O(B*Ãûo(I�\d`UIL\´M3I-OaK�knf*gP\dM%`RB*W�MV\´DEOTS�OaD�=�G	I�\´MJ�BEDEOT^>I-KPM�W�B `TB*W�Zb\dWnm�m�J�gnB*W�^dfÁK MVpqOa`RZbS�m�J B_Ã7S�OaMVÔ
BPW-K_W-`TOaMsZ�I-K[Z�K_S�OlÈ*\dk*OaW�MbJLK_^d^qK*SbÕ-\eZ�S�K*Sbf�o(\´DnZ�I-MT=sø�W
Z�I�\dM@J�BnD�OT^¯gsD�m-K_^d\eZ0fC\´M�B*Õ�MVOaSbkPOaDÇÕ�OTZ0o%OaOTWÅZbI-O¡^dB[o
à Â MbpqOa`~Z�S�Klo(I�OTS�O SbOHMVBPW-K_W�`ROaMûD�B*J�\]W�K[ZbO%K_W-D,I�\dÈ*I-OTS
à Â o(I�OaSbO Z�I�OÁMVpqOa`RZbSUK�K_S�O�MbJ�BnB_ZbI7=äÉ�c�\]È�= � ÎR=Á?lW
\dJ�p�BPSVZUK_W�Z�\dJ�p�^d\d`aK[Zb\dB*W"B_Ã�Z�I�\´Mso%BPSbã,\´M7Z�I-K[ZsZ�I�O(DE\dMVÔ
Z�\]W-`RZb\dB*W:Õ�OTZ0o%OaOTW:SbOHMVBPW-K_W�`RO$S�OTÈP\]BPWjM�`TK_ZVZbOaSb\dW�È K_W-D
DEOaOTp"\]W�Oa^dKPM0Z�\d`%Mb`aK[ZbZbOTS�\dW�ÈYK_Z�I�\dÈ*I-OTS3Ï Â \´MsK_SbZb\"!�`R\´K_^¯=
?YM$à Â \´Ml\dW-`RS�OaKPMVOHDûgEZ�I�O�\dW-`RS�OaKPMV\dW�ÈLDEOTW�MV\]Z0fjB*Ã�S�OaMVÔ
BPW-K_W-`TOaMwÉÄ\dW¡Z�I�O�Mb`aK_^d\]W-È"k[K_S�\´K_Õ�^dOHÎ%MV\dJ�p�^dfÁMVOaSbkPOaMîZbB
J�\dJ \´`�K�`RBPWPZ�\]Wnm�m-J:=

��¸�L����
�º�¼U¿°º�ÿ�����ÿ�K��R�IM�
�ýnº
Ü$m�K_^d\eZ0f"\dM3K*^dMbB,Õ�Oa\]W-È�ORÓEp�^dB*S�OaD"\]W�J�OaKPMVm-SbOaJ OaW�Z�M

B*Ã ? = ? \´MlZ�I�O@SUK[Z�\]BLB*Ã ZbI�O"^]BPW�È*\]Zbm-D�\]W-K*^�Z�BLZbSUK_W-MVÔ
kPOTSUMVO�\dW�OT^´K*MVZb\´`LOT^dOa`RZbS�B*WöM�`TK_ZVZbOaSb\dW�Èä`TSbB�MbM�MbOa`RZb\dB*W-Ma=

c�\dÈ*m-SbO Y�=YN ù K*Õ � z c�O�É�Ê�ÌbÊ�Í´Î$D�K_Z�K-=$G7BPp $ ÀLÉ�¡�Î$Mb`aK_^]Ô
\]W�È�ÃÄm-W-`~Z�\]BPW � è�B_ZbZbB*J $ À Â á¢d�knMa=�Q�ÃÄBPSlMbK*J�O,D-K[Z�K
è%f�J�OHK*Mbm�Sb\dW�È5À�Â�K_W-D ? g"m�W-p�BP^dK*Sb\k.TOHD�OT^dOa`RZbS�B*W
Mb`aK[ZVZ�OTS�\]W-Èä\dM@ÃÄm�^d^]föD�OaM�`RS�\]ÕqOaDû=CG	I�O:OT^dOa`~Z�SbBPWöMb`aK[ZbÔ
ZbOTS�\dW�ÈL`RS�BPM�M(MVOH`~Zb\dB*W�`TK*WjÕqO�o(S�\eZbZbOTW�KPM $£ Â 1£E¤}£ 2 ï�¥%é 1BC É¯Ï Â ÌUà Â Î ð �{1�A ÉËÏ Â Ì�à Â Î ê Ì É Ñ Î

o(I�OTS�O � ïòé ��ð�h É �,ð 2 Â á_à Â Î�Z�K*W Â É : á h Î ê � � g(K*W-D¥3gsZbI-OÁZbSUK_W�MVkPOTSUMVO�kn\]SbZbm�K_^îp-I�B_Z�B*W§¦-m�Ó>gs\´M"K�ÃÄm�W-`~Ô
Zb\dB*W�B_Ãsãn\]W-OTJLK[Z�\d` ë m-K*W�Zb\]Zb\dOaMa= ? \´M	Z�I�OTW�OTÓ�Z�S�KP`~Z�OaDÕ�fßJ�K*ãn\]W�È�J�OaKPMVm-SbOaJ OaW�Z�MwB_Ã%ZbI�OÁ`TSbB�MbMwMVOH`~Z�\]BPWCK_Z
MVOak*OTSUK_^�Mb`aK[ZVZ�OTS�\]W-È@K_W�ÈP^]OHMTgqÉÄÕ�m�Z�o(\]ZbI�!-ÓnOHDÁÏ Â K*W-D
à Â ÎRg�K*W-D B*Õ-MbOTS�kn\]W�ÈwZ�I�O$Mb^]BPp�OlB*Ã 1 á¨¥äK*M K�ÃÄm�W-`~Z�\]BPWB_Ã � =lÉ¯<nOTO�c�\dÈ-= u Î~=� OHK*Mbm�S�OTJ�OTW�Z�MjB_Ã ? K*SbOÇÕ�Oa\]W�È°JLK*DEOÅK[Z�N ù K_Õ
B[k*OTS Z�I�O�MbK*J O�ãn\dW�OTJLK[Z�\d`:SUK_W�ÈPO:KPM ZbI�O�J�OaKPMVm-SbOTÔ
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J�OTW�Z�M�B*Ã�À Â =LÙîSbOa^]\dJ�\]W-K*Sbf�k[K*^]m�OHMwÃÄB*S ? K*SbOL`TB*J Ô
p-K_S�OaDöZbBÅ< ù ?$ÛóD-K[Z�K×é �*�Rê \dW°c�\]È�=��n=ÆG	I�O�< ù ?$Û
D�K[ZUK�MVI�B[o(W�K_S�O×DEOaOTpÞ\]W-OT^´K*MVZb\´`°M�`TK_ZVZbOaSb\dW�È ãn\]W�OTÔ
JLK[Zb\´`TMag	ÉËÏ Â�Ð t Ò Oar Â Î~gs`RBPJ p�K_S�OaDßZbB�ZbI-O¡N ù K_Õ
D�K[ZUK�o(I�\´`UILK_S�O(B*ÕEZUK_\dW�OaD�K[Z%SbOHMVBPW-K_W-`TO%ãn\dW�OTJLK_Zb\´`TMa=
G	I�O	^]B[o×à Â J OHK*Mbm�S�OTJ�OTW�Z�M�B*Ã ? `RBPW�W�OH`~Z3MVJ�BnB_Z�I�^df
ZbB:ZbI-O I-\]ÈPI�OTS�à Â ÜYøV<äJ�OaKPMVm-SbOaJ OaW�Z�MYÃÄB*S�KjÕ�SbB�K*D
S�K*W�È*O:B_ÃYÖØ\]W-D�\d`aK[Zb\dW�ÈÇZbI�O�k[K_^d\´DE\eZ0fæB_ÃYDEm�K_^d\eZ0fÆÃÄBPS
ZbI�\´M(BPÕ-MVOaSbk[K*Õ�^]OP=
ø�W-`R^dm-Mb\]kPOYOa^]OH`~ZbS�B*W:Mb`aK[ZbZbOTS�\dW�È"J�OHK*Mbm�SbOaJ�OTW�Z�M	K_S�O

K_^´MVB"Õ�Oa\]W-È `aK_S�Sb\dOaD�BPmEZ�BPWÁWnm-`R^dOT\ é �at_ê = c�BPSîZ�I�OwJ B*Ô
J�OTW�Zbm�J ZbSUK_W-MVÃÄOTS:S�K*W�È*OÇM0Z�m-DE\dOaD É � É Ò OTr@á[âaÎ Â|Ý
à Â:Ý u É Ò Oar@á[âTÎ Â Î~gsMVm�`UIÇJ�OaKPMVm-SbOaJ OaW�Z�M�K_S�O�È*OaWEÔ
OTSUK_^d^]fÇK_W-K*^]f�.TOHDßKPMwM�`TK_ZVZ�OTS�\]W�È:B_QöB*Ã%ÕqB*m�W�DÇWnm-`T^]OTÔ
B*W-Ma=�è�f°DE\dkn\dDE\dW�È^d"É�Ê�ÌbÊ�Í´ÎL`RS�BPM�MÁMbOa`RZb\dB*W-MLÕnf×B_QqÔ
MVI-OT^d^�OT^dOa`RZbS�B*WEÔ�Wnm-`R^dOTBPW¡`RS�BPM�M	MVOH`~Zb\dB*W�MwÉ 1�© K*W-D 1�ª ÎRgKLMb`aK_^d\]W-È@ÃÄm�W�`~Zb\dB*W�`aK_W�Õ�O�D�O¢!-W�OHD $
ÀLÉ�¡�Îîï £ Â 1£E¤}£ 2 �« 1 © ð=¬ 1 ª +S U Â ð É�¡ ð + Î Â Ì É � Î
o(I�OTS�O¡Á\dM	DEOx!-W�OHD¡Õnf 2 ð U§® ï É U Â ð + Â ð ¡ Â ðh ¡ + Î �t¯�Â ð É U Â® � � ð ¡ Â Î �t¯�Â =�AØ\eZ�I�ZbI�\´M3M�`TK*^]\dW�ÈwÃÄm�W-`RÔZb\dB*W�g%ZbI-O�c-O � z ÉËÊ�ÌbÊ�Í]Î�D�K_Z�KCMb`aK_^dOjo�OT^d^	ÃÄB*S�W�OaÈPK_Zb\dk*O¡>=ÇÉ�c�\dÈ-=�Y:ZbB*pqÎ ù K_S�È*O�W�OaÈPK_Zb\dk*OJ¡Ç`TB*S�SbOHMVpqB*W-D-M$Z�B
ãn\]W�OaJLK[Zb\´`TMîo(I�OTS�O(Z�I�O¡ôb\]W�\]Zb\´K_^qM0Z�Sbm�`Uã@Wnm-`R^dOTBPW-õ�I-KPM
KÁI�\dÈ*IßJ BPJ�OTW�Zbm�J�= ç B[o�OTk*OaSag-ÃÄB*S�¡:ï i K*W-D�pqBPMVÔ
\eZ�\]kPO*gwo(I�\´`UI `RBPSbS�OaMbpqB*W-D�Z�B ë m-KPMV\]Ô¯ÃÄSbOaOÇM�`TK[ZbZbOaSb\dW�ÈK_W-DÇDEOTOapß\dW�OT^´K*MVZb\´`@M�`TK_ZVZ�OTS�\]W�È�g-Z�I�\´MwM�`TK*^]\dW�ÈjÕ�SbOHK_ãEM
DEB[o(W�=
G	I�OlMVm�`T`ROHMbMsB*Ã>ZbI�O$D�m-K_^d\eZ0f K_p�p-SbB�K*`UI@BPW ÃÄSbOaOlWnmEÔ

`R^dOTBPW-M$Mbm�È*ÈPOaMVZ�MlK*W-K_^df�.T\dW�ÈL\dW-`R^dm-Mb\]kPO�OT^dOa`RZbS�B*WäM�`TK[ZbÔ
ZbOaSb\dW�ÈäBPWCWnm-`T^]Oa\%KPM�OT^dOa`RZbS�B*WEÔ ë m-K_S�ãßM�`TK[ZbZbOaSb\dW�È�m-MVÔ\]W-È¡Z�I�O�k�K*Sb\´K_Õ-^]O°Q¡K*MYZbI-O M�`TK*^]\dW�È¡k[K*Sb\´K_Õ�^dO*=�AØI-OTW
ZbI�OCÀ Â MVZbS�m-`~Z�m�SbOäÃÄm�W-`~Z�\]BPW|pqOTS¡Wnm-`T^]OaB*WØ\´M¡Oak[K_^dmEÔ
K[Z�O�K*M�\]WR� ë W7= � gnZbI-O�\]S�B*W�D�K[ZUK�K_S�O$ÃÄBPm�W-DjZbBLM�`TK_^dOÉ�c�\dÈ-=�Y ÕqB_ZVZ�B*JÁÎ�ÃÄBPSlK"^´K_S�È*OwSUK_W�ÈPOYB*Ã�Q"B[k*OTS	o(I�\´`UI
ZbI�O(MVZbS�m-`~Z�m�S�O3ÃÄm�W-`RZb\dB*W k[K_S�\]OHM7Õnf�MV\]Ó�B*SUDEOaS�M7B_Ã-JLK_È*Ô
W�\]Zbm-DEOjé � Ñ ê =3c�B*S�Q Ý � ZbI-\dMlM�`TK*^]\dW�È�\´M(p�OaSbI�K_p-M	W�B*Z
MVm-Sbp�S�\´MV\dW�È"KPM Z�I�Owc-OTS�J�\qJ�B*Zb\dB*WÁB*Ã�W�m�`R^dOTB*W�Mî\dWÁZ�I�O
Wnm-`R^dOTm-M Mbm�p�p�^d\]OHM�Z�I�Oæô�K�k*OaS�K*È*\dW�ÈPõ¡W�OTOHDEOaDÅÃÄBPS"DEm�Ô
K_^d\eZ0fCMb`aK_^d\]W-È-=¡è�mEZ@\]Z�\´M@K_^´MbB:\dW�ZbOaSbOHM0Z�\]W�È:Z�I-K[Z�Z�I�\´M
Mb`aK_^d\]W-ÈLo%BPSbãEM�ÃÄB*S�Q Ð � ÉËK_W-D:Z�Inm-MlK_^´MbBLÖ Ð � Î�ÃÄBPS
K_^d^�Õ�mEZ(Z�I�O�^dB[o%OHM0Z$à Â D�K_Z�K�=d@É�Ê�Ì�ÊHÍ´ÎsJ�OaKPMVm-SbOaJ OaW�Z�MsI-K�kPO(Õ�OaOTWLJLK*DEO$B*WLDEOTm�Ô
ZbOaSb\dm�J�gPÛYgHc-O%K*W-D�?lm�Z�K_S�È*OTZ�M7o(\eZ�I@K ÑwÒ Oar�á_â OT^dOa`RÔ
ZbS�B*W×Õ�OHK_J�=�c�mEZ�m�SbO�J�OHK*Mbm�SbOaJ�OTW�Z�M�é � � ê o(\d^]^lK*^dMbB
\]W�`R^dm-DEO ~ ç O�K*W-D ~ ç O"Z�K*SbÈPORZ�M,K*W-Däm-MbO�K u Ò OTr@á[â

ÕqOaK*J \dW B*SUDEOTSCZ�B `RB[k*OaSÆK à Â S�K*W�È*O�B_Ã�m�pÞZbB
�Hi É Ò OTr@á_âTÎ Â =

±�¸�²���¾�¼6³�ýP¾´L0�I��
ËºÄ¼U¿ �¡ý�
V�E¼Hý�K µû¼	�IK�º�ýn»¶�E¼
ü3�����
NPORQ>OTSUMVBPW ù K_Õ�\´Mj`TB*W�Zb\dWnm�\dW�ÈÅZbBöp-m�S�Mbm�OßKöo(\dDEO

k[K*Sb\dORZ0f�B_Ã7D�m-K_^d\eZ0fLS�OT^´K[Z�OaDÁMVZbS�m-`RZbm�S�OlÃÄm�W�`~Zb\dB*WjJ�OaK[Ô
Mbm�S�OTJ�OTW�ZUMT= G	I�O�I�fEDES�B*ÈPOTW K*W-D D�OTmEZ�OTS�\]m�J À Â
J�OHK*Mbm�SbOaJ�OTW�Z�M�o(\d^]^"Õ�OÆp-m-MVI-OaD ZbB5à Â KPM�^]B[o K*M
i � iPt É Ò Oar�á_âTÎ Â K_W-DÅÖ Ý i � i�� é �au_ê =�G	I�\´M@o(\d^d^%OTÓ�Ôp-^]BPSbO ZbI-O�`TB*W�W-Oa`~Z�\]BPWßÕqORZ0o�OTOaWÇ^dB[oÞà Â K*W-Dä\dW-MbOTWEÔ
Mb\]Zb\dk�\]Z0fÆZ�BÇZ�I�O ë m-K_S�ãöMVOHK�=�À ©Â K_W-D×À WÂ J�OaKPMVm�S�ORÔJ�OaWPZUM3o(\d^]^>K_^´MbB�Õ�Olp-m-MVI-OaD�Z�B�\]W�Z�OTS�J OHDE\´K[ZbO$à Â ÉÄm�p
Z�B�jÉ Ò OTr@á_âTÎ Â Î�o(I�\]^dO�S�OTJLK_\dW�\dW�È�\]W:ZbI-O�SbOHMVBPW-K_W-`TO
S�OTÈP\]BPW¡ÉËÏ Â�ÝæÑ�Ò OTr Â Î%é � � ê =�G	I�OHMVO�D�K[ZUK$o(\d^d^nK*^]^dB[o
m�MV\dW�È�Z�I�OYD�m-K_^d\eZ0fLK*p�p�S�BPK*`UI Z�B@B*Õ�Z�K_\dWÁK_WjK�k*OTSUK_ÈPOaD
À Â Õ�OaI-K�kn\]BPSwK_Z�^dK*SbÈPO@Ö7= <nm-`UICJ OHK*Mbm�S�OTJ�OTW�Z�MYo(\d^]^
ÕqO�ORÓnZ�OTW-DEOHDjÃÄm�SVZ�I�OTS(o(\]ZbI:Z�I�O �Hh Ò OTr�m-p�È*SUK*DEO,K[Z
N ù K*Õ�=
?$M	o�OT^d^ûK*M%ZbI-Owm-W�p�BP^dK*Sb\k.TOHD¡MVZbS�m-`~Z�m�S�O$ÃÄm�W�`~Zb\dB*W�MTg

MbOTkPOTSUK_^ÁOTÓEp�OaSb\dJ�OTW�Z�M°J�OaK*Mbm�S�\]W-È�ZbI�O MVp�\dW MVZbS�m-`~Ô
Z�m�S�OöÃÄm�W-`RZb\dB*W-Mb·E�ÅK*W-DZ·*ÂöI-K�kPOö`RBPJ p-^]OTZbOaD D�K[ZUK
ZUK_ãn\dW�È-=�?lJ�B*W-ÈÅZbI�OHMVOßK*SbO�Z�I�O ç K_^d^wÛ_((OaMbB*W-K*W�Z
<Ep�\]WÞ<�ZbS�m-`~Z�m�S�OöORÓEpqOTS�\]J�OTW�Z°é � Y ê K*W-D ZbI�OØÛ ù ?w<
OaÈ � ORÓEp�OaSb\dJ�OTW�Z é � a ê o(I�\´`UI I-K�kPO|B*Õ�Z�K_\dW�OHD SbOHM0Ô
BPW-K*`TO(SbOaÈ*\dB*W�D�K[ZUKwB*W�InfnD�SbBPÈ*OTW�K_W�D D�OTmEZ�OTS�\]m�J�ÃÄB*S
i � h Ý à Â Ý � � � É Ò Oar�á_âTÎ Â K_W-Däà Â ï � É Ò OTr@á[âTÎ Â =c-m�SbZbI�OaSbJ�B*S�O*gLK*W m�p>`RBPJ \dW�È ç K*^]^L?òORÓEpqOTS�\]J�OaWPZ
é h_i_ê o(\d^]^Ym-MVO�pqB*^´K_S�\k.TOaD X ç O�Z�BÆORÓnZbSUK*`RZ�· ª� m�p�ZbB
à Â ï � � Ñ É Ò Oar�á_âTÎ Â o(\eZ�IöS�OaMbB*W-K*W-`RO�S�OTÈ*\dB*WÅãn\dW�ORÔJLK_Zb\´`TM(\dW�B*SUDEOTS�ZbBLKP`T`ROHMbM	I-\]ÈPIjÖ�=
? W-OTo K_S�OaK�B*ÃlSbOHMVOHK_SU`UICK_Z N ù K*ÕC\´M"J OHMVBPWöDEmEÔ

K*^]\]Z0f*=�?�Z�I�\dÈ*I OTW�OaSbÈP\]OHMTg�É�Ê�Ì�ÊHÍ]J�OaMbB*W-Î�`TSbB�MbM�MbOa`~Ô
Z�\]BPW-Ml`aK_W:Õ�O,Ã�KP`~ZbBPSb\k.TOHD¡\dW�ZbB ë m-K*Sbã¡M�`TK_ZVZ�OTS�\]W�È�K_W�D
ë m-K*Sbã"ÃÄSUK_È*J�OaWPZUK[Z�\]BPW p-\]OH`ROaMa=�AÇBPSbã�K[Z	Û%BPSbW-OT^d^�é hE�RêK*W-D,p�S�OT^d\]J�\dW-K_S�fYMVZbm�DE\]OHM7K_Z�N ù K_Õ�Mbm�È*ÈPOaMVZ�MqZ�I-K[Z�Ã�K*`~Ô
Z�B*S�\".HK[Z�\]BPW:K*W-DjK*W:K*p�p�S�B�ÓE\]JLK[Z�OwD�m-K_^d\eZ0fjJLK�fÁo%BPSbã
K_Z�à Â|Ý t É Ò OTr�á[âaÎ Â K_W-D5\]W5ZbI�OÅS�OaMbB*W-K*W-`ROäS�ORÔ
ÈP\]BPW�= G	I�OaMbO,\dD�OaK*M�o(\d^]^ûÕqOwZbOHM0Z�OaDjo(\eZ�ICÉËÊPÌ�Ê�Í%�7Î�K_W�D
ÉËÊ�ÌbÊ�Í"¸CÎ�B*W ��K_W-D £ ZUK_S�È*ORZUM,é hPh�ê =
ø�WäMbm�J�J�K*SbfPg�B[k*OaS	ZbI�O@W�ORÓnZYMbOTkPOTSUK_^ûf*OHK_SUMTg�N ù K*Õ

o(\d^d^7Õ�m�\d^´Djm-päK�Õ�SbB�K*D:`RBP^]^dOa`RZb\dB*W:B_ÃsJ OHK*Mbm�S�OTJ�OTW�Z�M
K_Z$^dB[o5Z�BÁJ�BnD�OTSUK[ZbO@à Â B_Ã3À�Â_g ? gqK_W-D·E�YÃÄBPSl^d\]ÈPIPZ
Wnm-`T^]Oa\lK_W-D°À Â K*W-D ? ÃÄB*S�I�OaK�kn\dOTS Wnm-`R^dOT\¯=æø�W�K*DnÔ
D�\eZ�\]BPW�g�KCp�S�B*ÈPS�K*J B_ÃwMVZbm�DEfn\]W�ÈÅDEm-K*^]\]Z0fö\dW�J OHMVBPW
p-SbBEDEm-`RZb\dB*W�K_W�D¡Z�OaMVZb\dW�È Ã�K*`RZbB*S�\k.aK[Z�\]BPW:K_Zl^]B[o OTW�OaSVÔ
ÈP\]OHM	o(\]^d^�ÕqO�M0ZUK_SbZbOHDû=
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G	I�O@K*mEZbI�BPS(ZbI�K_W�ãEMwÛY=ÁÀ,OTp-p�Oa^ËgO(�=O�îW�ZYK_W-D:Z�I�O

À Â g ? K*W-D Ö Ð � `TB*^d^dK*Õ�BPS�K_Zb\dB*W-Ma= G	I�\dMÅo�B*S�ã
o	K*MlMbm�p�pqB*SbZbOHD�Õnf:ÜÂF� Û%BPW�ZbSUK*`~Z$X$B-=>Ü��3Ô�?$Û i � ÔY Ñ ��( Ñ i�� � i m�W-DEOaSjo(I-\d`UI�Z�I�OÅ<EB*mEZ�I�OaKPM0Z�OTS�W|vlW�\]Ô
kPOTSUMV\]Zb\dOaM°((OaMbOaK*S�`UIö?YMbMbBE`R\´K[Zb\dB*W|É¯<Ev�($?YÎ"B*pqOTSUK[Z�OaM
Z�I�OYG	I�BPJLK*M3NPORQ>OTSUMVBPWÁX$K_Zb\dB*W-K*^�?$`a`ROa^]OaS�K_ZbB*S%c-K*`T\]^]Ô
\]Z0fßÉ�NPORQ>OTSUMbB*W ù K_ÕqÎ~=

�Ã�²vÃ�»Ã�bÄ°Ã]µ
� =Å�l= Ü@= è�^dB�BPJ K_W-D c�= N�= Ò \d^]JLK*W�g
Ù3InfEMT=Æ((Oak>= ù ORZbZa= úO± g �P� Ñ i É � a�� i Î �
Ù3InfEMT=�(lOTk>=�Ü � g h a i�� É � a�� � Î~=

h = ?�=-ÜYO9((mG#0m-^dK-g ç = Ò OaB*S�È*\¯g�K_W-D ç =�Ü@=-ÙsBP^]\]Zt.aOTSHg
t = ø~=�X$\d`Tm�^]OHMb`Tm^Ç¢ÈvÉGnkÊdgqÙîI�fEMa=�((Oakq= ù ORZbZa=<Ë ± g �P� Y u

É h*i*i*i Î~=Ñ = ø~=�X$\d`Tm�^]OHMb`Tm^Ç¢ÈvÉGnkÊdgqÙîI�fEMa=�((Oakq= ù ORZbZa=<Ë ± g �P� Y h
É h*i*i*i Î~=� = N*OTQqOaS�MbB*W ù K_Õ � ÓEp�OaSb\dJ�OTW�Z �ca Ñ Ô �P�ai =
?lW�W7=ÅÙîInfnMa= ·�ÌOH g t-� � É � aE���_Î � ç = Ò OaB*S�È*\
K_W-D ç =lÜ"=$ÙsBP^]\k.TOaSagwÙ3InfEMT=v((Oakq=lÜ ·�� g � Y h a
É � aE� u Î~=

u =TF"=PXYK*`UI�ZbJLK_W-W�g�X$m-`R^¯=nÙ3InfEMT=EÍ ¹OH g h_t � É � a�� � Î~=�E= � =	?lS�W�OTBEDEB�ÇxÈJÉ¨n"Êdg$ÙîI�fEMa= ù ORZVZH=%è HB¹B� g �ai �
É �Hi*i � Î � HO¹�� g h a � É � a�Y Ñ ÎR=Y-= Ùs=�è�OTS�È*OÎÇ¢È}ÉGn"Êdg<Ï�=-ÙîI�fEMa=-Û �ÁÐ g � YE�¡É � a�a � Î~=a-=Å�l=�FY^eZ�J�K*W�Ç¢ÈÂÉGn"ÊdgcÏs=�Ù3InfEMa=�Û ±�H g � � É � a�a h Î �
N-= ç =�À,\dJÑÇxÈ[ÉGnkÊdgîÙ3InfEMT=�((OTk>= ù OTZVZa=)Ë · g t � a �
É � a�a�Y�Î~=

�Hi =ûX�=�ø0MbÈ*m-S�Ç¢ÈbÉ¨n"ÊdgjÙîI�fEMa=9((OTk>=�Ü ¹B� g i �[Ñ i*i �
É h*i*i�� Î~=

�P� =�<>=�ÜYKPMVmÒÇ¢È�É¨n"ÊdgLÙ3InfEMT=]((OTk>= ù OTZVZH= ¹7· g �Hi*u��
É � a�Y�Y�Î � ÙîInfnMa=�(lOTk>=wÜ �ÁÐ g � u Ñ � É � a�a Ñ Î � ù =
AØI�\]Zb^dB[o�Ç¢ÈIÉ¨n"Êdg*ÙîI�fEMa= ù ORZVZH=Hè úO±�Ì g � a t É � a�a i Î �
ù = ç =-G�K_B�Ç¢È}ÉGn"Êdg<Ï�=�Ù3InfEMa=�ÛÔÓ Ì g t YE�¡É � a�a u Î~=

��h =<À�=E?lÕqO�ÇxÈcÉ¨n"Êdg-Ù3InfEMa= ù ORZbZa=Eè �<±�ú g � a Ñ É � a�a�a�Î~=
�Ht =ûN-=n?lS�S�\]W�È*ZbBPWbÇ¢ÈcÉ¨n"Êdg�Ù3InfEMa=�((Oakq= ù OTZVZH=�Ë ú g h*i � u

É � a�a�a�Î~=
� Ñ =ûN-=q?lS�Sb\dW�È*ZbB*W^ÇxÈPÉGn"ÊdgûÙîI�fEMa=B((Oak>=>Û ¹B� g i�� Ñ u*i�h

É h*i*i�� Î~=
� � =ûN-=3?$SbS�\dW�È_Z�B*W�g	Ü@=%ÜYK�fPg%èw=îc�\]^d\dp�p�BPW�O*g	K_W�D×?@=
ù m�W-È-g-NPORQ>OTSUMVBPW ù K_Õ�� ÓEp�OaSb\dJ�OTW�ZP� i�h Ô i�� a-=

�Hu =ûN*OTQqOaS�MbB*W ù K*ÕjOTÓEp�OaSb\dJ�OTW�ZP� i*i Ô iPiPh =
� �n=ûN*OTQqOaS�MbB*W ù K*ÕjOTÓEp�OaSb\dJ�OTW�ZP� i*i Ô �P�au =
� Y�=ûN*OTQqOaS�MbB*W ù K*ÕjOTÓEp�OaSb\dJ�OTW�ZP� i�� Ô iPi*u =
� a�=ûG,=a?@=Hc-B*S�OaMVZ7K_W-DwZ�I�O�Û ù ?w<�`RBP^]^´K_ÕqB*SUK[Z�\]BPW�g~ZUK_^dã

p-SbOHMVOaWPZ�OaD"K[ZsZbI�Ova_ZbI ø�WPZ�OTS�W-K[Z�\]BPW-K_^-Û%BPWEÃÄOTS�OTW-`TO
BPWöZ�I�Oß<�ZbS�m-`RZbm�S�OjB*Ãwè	K_S�f*BPW-Mag3N*OTQqOaS�MbB*W ù K_Õ�g
h*i*i�h =

h_i =�NPORQ>OTSUMbB*W ù K_Õ�ORÓEpqOTS�\]J�OaWPZP� i�� Ô i���h =
hE� =�è�OaÕ�OaãÕÇ¢ÈÖÉGnkÊdg Ù3InfEMT=�((Oak>= ù ORZbZa= HB� g×� �

É � a�� � Î � Ù3InfEMT=9((Oak>= ù ORZbZa= H Ó�g � � h � É � aE� u Î �
ÙîInfnMa=�((Oakq=�Ü ·�± g t*i Y � É � a����*Î~=

h*h =�NPORQ>OTSUMbB*W ù K_Õ�ORÓEpqOTS�\]J�OaWPZP� i*i Ô �ai Y�=


